ABSTRACT
RESUMO

O objetivo deste estudo foi determinar o efeito do nitrogênio liquido super resfriado por vácuo no desenvolvimento, após reaquecimento, de oócitos bovinos vitrificados imaturos ou maturados. O nitrogênio líquido foi mantido em atmosfera normal ou submetido ao vácuo (300mm Hg por 45s) este último reduzindo a temperatura do nitrogênio para -200°C. Oócitos parcialmente desnudos foram vitrificados logo após a seleção (estádio de vesícula germinativa; VG), ou após 22 horas de maturação (metáfase II; MII) em meio TCM 199 + 10% de soro de égua em estro. Para a vitrificação, os oócitos foram inicialmente expostos a uma solução intermediária (10% EG + 10% DMSO) por 30s e a seguir a uma solução de vitrificação (20% EG + 20% DMSO + 0,5M sacarose) por 20s. Grupos de 3 ou 4 oócitos foram envasados em palhetas estiradas e abertas e mergulhados no nitrogênio líquido. Os oócitos foram então reaquecidos por exposição ao ar (25°C) por 4s, seguido de exposição a concentrações decrescentes de sacarose (0,3 e 0,15M -5 minutos cada). A fecundação (dia 0) foi realizada com 2 x 10
6 espermatozóides mL -1 (selecionados por "swim-up") (ARAV et al., 1996; ZERON et al., 2002) . Cell damage is most likely to occur between +15 and -90°C. Below 0°C, there is a risk of intracellular ice formation, which likely increases rapidly as the temperature continues to decline (RUFFTING et al., 1993) . In addition to the protocols used, the meiotic stage of an oocyte also influences its ability to survive cryopreservation; the germinal vesicle (GV) stage was more sensitive than any other stages (PARKS & RUFFING, 1992; MARTINO et al., 1996a) Studies demonstrated that vitrification at a higher cooling rate is better for oocyte cryopreservation (MARTINO et al., 1996b; ARAV & ZERON, 1997; ISACHENKO et al., 2001) . To achieve the rapid cooling condition needed for vitrification, several methods use a small volume of vitrification solution, which is plunged directly into liquid nitrogen. Electron microscopy grids (MARTINO et al., 1996b) , glass capillaries (MEZZALIRA et al., 1999) , cryoloops (LANE et al., 1999) and open-pulled-straws (OPS) (VAJTA et al., 1997) have all been used to reduce the volume of vitrification solutions. Unfortunately, developmental rates obtained so far with cryopreserved bovine oocytes, especially those at the GV stage, are still very low. However, in the last years it was demonstrated (ARAV et al., 2000; ISACHENKO et al., 2001 ) that exposure of liquid nitrogen (N 2 ) into vacuum increased cooling speed and improved the viability of vitrified-warmed immature and mature oocytes. The objective of the present study was to determine the effect of vacuum-cooled liquid nitrogen on the post re-warming developmental ability of immature (GV) and mature (MII) vitrified bovine oocytes.
MATERIALS AND METHODS
Unless otherwise indicated, all chemicals were purchased from Sigma Chemical Co. (St. Louis, MO, USA). For oocytes and embryos manipulations, four-well dishes (Nunc; Roskilde, Denmark) were used.
Recovery and selection of oocytes Bovine ovaries were collected at an abbatoir and transported (for up to 4h post-collection) at 29 to 35ºC in phosphate buffered saline solution (PBS) with 65mg L -1 penicillin and 50mg L -1 streptomycin. Ovarian follicles of 2 to 8mm in diameter were aspirated with a 19-gauge needle connected to a vacuum pump (flow rate, 20mL min -1 ). Cumulus enclosed oocytes were maintained in a 110mm Petri dish (Corning Ltd.; Corning, NY, USA) containing centrifuged follicular fluid (LEHMKUHL et al., 2002) ; those with compact cumulus cells layers and a homogeneous cytoplasm were selected for use.
Experimental groups
The selected oocytes were randomly allocated to one out of five groups. In Groups 1 (n=175) and 2 (n=172), GV-stage oocytes were vitrified in N 2 at atmospheric pressure and under vacuum, respectively. Similarly, in Groups 3 (n=170) and 4 (n=174), MII-stage oocytes were vitrified in N2 at atmospheric pressure and under vacuum, respectively. Group 5 (Control) consisted of 282 oocytes that were matured, fertilized and cultured. The study was conducted in 10 replications, with 15 to 18 oocytes per replicate.
Vacuum production
An electric self-fabricated vacuum pump was connected by silicon hoses to a cylindrical acrylic container with 120mm diameter and 130mm length, covered with 12mm thickness Styrofoam and containing approximately 300mL N2. The pump was operated for approximately 45sec, the container opened, and the open-pulled-straw (containing oocytes) was immediately plunged into the cooled N2 .
In preliminary studies (unpublished), after 45sec the vacuum pump provided 300mmHg of vacuum and the liquid nitrogen temperature decreased to -200°C.
Vitrification and warming
Vitrification and warming procedures were adapted from VAJTA et al. (1998) with replacement of fetal calf serum (FCS) by estrous mare serum (EMS), and were performed on a 37°C heated plate in a room heated to 25°C. Oocytes were firstly exposed to a 10% ethylene glycol (EG) + 10% dimethyl sulfoxide (DMSO) Ciência Rural, v.36, n.5, set-out, 2006. solution for 30sec, followed by exposure to a vitrification solution (20% EG + 20% DMSO + 0.5M sucrose) for 20 seconds. Both solutions were prepared in TCM 199 Earle salts medium (Gibco BRL, Grand Island, NY, USA), buffered with 6.5mg mL -1 Hepes, with the addition of 20% EMS. Groups of 3 or 4 oocytes were loaded in each OPS and directly plunged into liquid nitrogen in an ambient or vacuum atmosphere, according to the treatment. Oocytes were thawed by exposure to air (25°C) for 4sec, followed by 5min exposure to decreasing concentrations (0.3 and 0.15M) of sucrose solution in TCM 199 + 10% EMS, and then transferred to a sucrose-free medium.
In vitro maturation
Oocytes were matured in TCM 199 -Earle salts, with 26.2mM sodium bicarbonate, 25mM Hepes, 0.2mM sodium pyruvate, 0.01 IU FSH/mL (Folltropin; Bioniche, Belleville, ON, Canada) 0.5μg mL -1 of LH (Lutropin; Bioniche) and 10% EMS. Oocytes were cultured for 24h at 39°C in a 5% CO 2 incubator (Haeraeus Instruments, GmbH. Hanau, Germany) with saturated humidity. Prior to vitrification, hyaluronidase (0.5IU μL -1 ) was used to partially denude matured oocytes. After re-warmine, immature vitrified oocytes were submitted to the same maturation process.
In vitro fertilization
Fertilization was performed with frozenthawed semen from a single Bos taurus bull. Spermatozoa were selected by a swim-up technique and were present in a concentration of 2 x 10 6 spermatozoa mL -1 . Oocytes and semen were incubated for 18 to 22 hours in TALP-Fert medium supplemented with 30μg mL -1 heparin, 30μg mL -1 penicillamine, 15μM hypotaurine, and 1μM epinephrine.
In vitro culture
Cumulus cells were removed and presumptive zygotes transferred to four-well dishes with 400μL SOFaaci medium + 5% EMS (under mineral oil). After 24h of culture in 5% CO 2 at 39°C, the cleavage rate was determined and only cleaved structures were maintained in culture. Dishes were then placed in a foil bag with an atmosphere of 5% CO 
Embryo evaluation
The viability of in vitro-produced embryos (cleavage and blastocysts rates) was assessed at 48 and 192h after fertilization. Rates were converted to proportions, arc-sine transformed, and two-way ANOVA was used to determine the effects of vacuum, stage of development, and their interaction. Regular ANOVA was used to determine the effect of group, including Control. If there was a significant main effect or interaction, differences were evaluated with a Bonferroni test (P<0.05). All analyses were conducted with BioEstat software (AYRES et al., 2000) .
RESULTS
As a 300mmHg vacuum pressure for 45 seconds in liquid nitrogen provides a decrease in temperature to -200°C, during OPS immersion in this cooled nitrogen it was observed a reduced boiling in comparison to normal pressure nitrogen.
Cleavage rates demonstrated a significant effect of vacuum (47.5% versus 38.7%) and maturational stage (48.6% maturated versus 37.6% immature), but there were no an interaction between these factors. As demonstrated in table 1, blastocyst rates demonstrated only a significant and positive effect of vacuum (9.7 versus 5.4%). On the other hand, when the condition of the liquid nitrogen (cooled or not) was not considered, there were no differences (P>0.05) on blastocysts rates of MII (8.9%) and GV (6.8%) oocytes.
To verify the differences among all experimental groups, data were submitted to a regular ANOVA. Control group (G5) proportionate better cleavage (80.3%) and blastocysts (30.8%) rates than all other groups (P<0.05). As shown in table 2, cleavage rates did not differ (P>0.05) among GV/normal pressure (33.9% -G1), GV/vacuum (41.2% -G2) and MII/normal pressure (43.5% -G3) vitrified oocytes. Better results were obtained with MII/vacuum (G4) which did not differ from G3 group, and both were lower than G5 Control group.
The lower blastocyst rate was observed in G1/normal pressure group (4.2%). Cooled liquid nitrogen provided an increase in blastocysts rates (P<0.05) of G2 (8.8%), which did not differ from G3 MII/ normal pressure (6.7%) and G4 MII/vacuum (10.6%).
DISCUSSION
While the embryo freezing is a wellestablished practice, results from oocyte cryopreservation are still poor. This is determined by several factors like plasmatic membrane characteristics, high lipid content, presence of cortical granules, and the spindle system (CHEN et al., 2003) of oocytes. Even so, significant progress was obtained in the last decade, especially in cryopreservation of immature oocytes, with pregnancies and birth of healthy calves (VAJTA et al., 1998; VIEIRA et al., 2002) .
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With GV vitrified oocytes in cooled nitrogen, the cleavage rate obtained (41.2%) is very close to the 50% observed by VAJTA et al. (1998) and 49.1% by MEZZALIRA et al. (2002) with vitrified MII oocytes, demonstrating a progress in the GV bovine oocytes cryopreservation. Our cleavage rates (33.9 to 53.6%) are satisfactory and indicate high survival of bovine oocytes following vitrification. Unfortunately blastocyst rates were very low (4.2 to 10.6%), suggesting that cleavage is not an accurate parameter to evaluate the viability of vitrified oocytes. Developmental capacity of cleaved oocytes following vitrification is lower than that of unvitrified control oocytes (FUKU et al., 1995; MEZZALIRA et al., 2002) . It suggests the occurrence of injuries that may not avoid the cleavage, but reduces further embryo development (FUKU et al., 1995; HOCHI et al., 1998; MEZZALIRA et al., 2002) .
In this study, when liquid nitrogen was submitted to a 300mmHg vacuum pressure for 45 seconds, its temperature decreased to -200°C, demonstrating that vacuum may be a simple alternative to increase the cooling rate during vitrification. A decrease in temperature (-210°C or -212°C) was also observed with liquid nitrogen slush (ARAV & ZERON, 1997) or with Vitmaster apparatus (ARAV et al., 2000; NOWSHARI & BREM, 2001) . Although the temperature obtained in our study was not as lower as that obtained by ARAV et al. (2000) and NOWSHARI & BREM (2001) , it provides a visible decrease in boiling activity during OPS immersion in liquid nitrogen. The reduced nitrogen boiling is believed to increase the heat transfer and improve developmental rates for both GV and MII vitrified oocytes.
The biological characteristics of maturated oocytes are related to its limited cryopreservation viability, and this is well-documented (OTOI et al., 1995; OTOI et al., 1997; SAUNDERS & PARKS, 1999; LE GAL & MASSIP, 1999; HYTTEL et al., 2000; SHAW et al., 2000) . This problem could be solved with the cryopreservation of immature oocytes where the spindle system is not yet organized and the genetic material is protected inside germinative vesicle. Until now the cryopreservation of maturated oocytes has provided better results and as consequence the cryopreservation of immature oocytes was considered less viable (FUKU et al., 1992; YANG et al., 1998; LE GAL & MASSIP, 1999) and less investigated. Our study demonstrated that the use of vacuum in liquid nitrogen during vitrification provides similar blastocyst rates for maturated and immature oocytes (10.6 and 8.8%), respectively.
The vacuum cooled nitrogen provides better blastocyst rates in MII (10.6 versus 6.7%) and GV (8.8 versus 4.2%) vitrified oocytes. These data suggest that the high cooling speed resulted in less damage to vitrified oocytes, which agree with previous observation of ARAV et al. (2000) .
The developmental rate of 8.8% obtained with GV oocytes was higher than the 6.1% obtained in a previous study (VIEIRA et al., 2002) , and similar to that (8.0%) obtained by ABE et al. (2004) , with nylon mesh. NOWSHARI & BREM (2001) demonstrated no effect with super cooled liquid nitrogen in pronuclearstage mouse embryo cryopreservation. These observations disagree with our results, however the study was performed with different species (mouse), a In conclusion, our results demonstrate that similar developmental rates following vitrification may be obtained with GV or MII bovine oocytes when vacuum cooled liquid nitrogen is used. Vacuum cooled liquid nitrogen provides higher developmental rates than normal liquid nitrogen following vitrification of GV and MII bovine oocytes. Finally, vacuum is a simple and low cost alternative to increase the cooling rate during vitrification.
